A 12-step procedure is described for the synthesis of an oestrone-3-sulfate-6-hemisuccinate\p=n-\ BSA immunogen with oestradiol as starting material and the production of specific polyclonal antibodies. A competitive inhibition-type enzymeimmunoassay has been developed based on these specific antibodies using 3-hemisuccinate-oestrone\p=n-\peroxidase as conjugate for direct measurement of the hormone in body fluids. The method has a minimum sensitivity of 0.03 ng ml\m=-\1in bovine milk, and satisfactory specificity, recovery and reproducibility. In a small field trial with a group of 20 pregnant cows that were followed throughout gestation, it was shown that the assay is potentially an accurate pregnancy test for assessing the viability of the fetoplacental unit at approximately 100 days after insemination. The assay is well suited for routine testing, particularly as a confirmatory bovine pregnancy test.
Introduction
Oestrone sulfate is one of the major oestrogens produced by the fetoplacental unit of many animals during pregnancy. The presence of this hormone in the blood and even in the milk of pregnant lactating animals, such as cows, is an accurate indicator of pregnancy with diagnostic applications (Heap and Hamon, 1979; Dhindsa et al, 1981; Saba and Hattersley, 1981; Chaplin and Holdsworth, 1982) .
Early methods for measuring oestrone sulfate required hydrolysis and extraction of the hormone to oestrone. The assays used were of the radioimmunoassay-type and measured oestrone or oestradiol (Loriaux et al, 1971; Heap and Hamon, 1979) . Later, antiserum raised against an oestrone-3-glucuronide-BSA conjugate allowed direct measurement of oestrone sulfate in samples by radioimmunoassay (Saba and Hattersley, 1981;  Holdsworth et al, 1982; Fletcher and Worsford, 1988) and later with an enzymeimmunoassay (Power et al, 1985) . Because the sulfate group was replaced in the immunogen by a glucuronide group, the specificity of the antiserum was compromised. The crossreactivity of the resultant antibodies with oestrone was reported to be up to 231% in relation to oestrone sulfate (Holdsworth el al, 1982) . Nambara et al (1980) described an approach for the produc¬ tion of a specific antiserum to oestrone sulfate which was used in a direct radioimmunoassay to measure the hormone in human serum and urine (Honjo el al, 1986 (Honjo el al, , 1987 Stage (i) . Activation of the C-6 position of the starting material, oestradiol (Steraloids, Wilton), was performed as described previously (Longwell and Wintersteiner, 1940 (Nambara et al, 1980) . 500 mg of 6ß-hs-oestradiol was selectively oxidized with 1 ml Jones reagent (1.5 mol chromium trioxide 1_I in 2.2 mol sulfuric acid 1~T) in 100 ml acetone at 0°C for 5 min to give 6ß-hs-oestrone (IX). After inactivation with methanol and addition of water, the resultant precipitate was filtered and dried. The NMR in CD3OD gave ôp.p.m. 0.9 (3H,S,18-CH3), 2.65 (4H,S,-CO-(CH2)2-CO), 6.0 (lH,broad,6ßH), 6.6-7.2 (Fig. 2) (Fig. 2a) . A marked increase of the inhibitory effect of the antibodies was noted with the second sample (73%) (Fig. 2b) , which reached a maximum inhi¬ bition from the third sample (81%) (Fig. 2c) (Fig. 3) (Table 1) .
Precision of the assay was assessed by replicate measure¬ ments of three unknown milk samples taken from pregnant cows at approximately 100 days of gestation. The intra-assay mean values obtained were 0.81 ngml-1 (CV = 5.0%, = 16), 0.51 ng ml"1 (CV = 5.6%, = 16) and 0.138 ng ml"1 (CV = 5.6%, = 16). The corresponding interassay values using four different batches of reagents were 0.83 ngml-1 (CV = 9.1%, Fig. 4) showed a low oestrone sulfate concentration in the first 90 days ( < 30 pg ml-1) followed by a sharp rise after day 100. During months 4-6 the average oestrone sulfate in the milk was 1 ng ml-, followed by a rise to 2 ng ml- Hattersley, 1981) . A direct radioimmunoassay with specific antibodies was described later (Honjo et al, 1986) which was evaluated only with human samples.
The immunogen we prepared was designed to allow the specificity-determining sulfate group in the C-3 position to be exposed for maximum immune response (Nambara et al, 1980 (Honjo et al, 1987) , last trimester and delivery periods (Honjo et al, 1986) , age-related conditions (Mykingetal, 1980; Honjo et al, 1989) and oestrogen-dependent neoplasia (Naitoh et al, 1989) . The simplicity, satisfactory sensi¬ tivity/specificity makes our assay a very useful tool with which to study and evaluate further the role and significance of oestrone
